El desarrollo temprano del calamar patagónico
Introduction
The Patagonian squid, Loligo gahi D'Orbigny, 1835, is a neritic cephalopod reported to range in distribution in the southeastern Pacific Ocean from Puerto Pizarro, Peru (03° 30'S) to southern Chile (56°3 0'S) (Roper et al., 1984; Cardoso et al., 1998) . In the southwestern Atlantic Ocean, the species is reported to occur in the Falkland Islands (Hatfield and Rodhouse, 1994) , and as far north as the coast of Argentina, Gulf of San Matias (Roper et al., 1984) . A number of researchers (Nesis, pers. comm. 1985 (Nesis, pers. comm. , 1987 Filippova et al., 1997) think that the squid identified as L. gahi in the southwest Atlantic is probably distinct and could be Loligo patagonica Smith, 1881.
Although Loligo gahi is an economically important resource in the artisanal fisheries of Peru (Cardoso, 1991) and Chile (Osorio et al., 1979) , it is minimally present in the local commercial fish markets. Previous studies related to this species have focused on taxonomy (Nesis, 1973 (Nesis, , 1987 Castellanos & Cazzaniga, 1979; Roper., 1984; Brakoniecki, 1984 Brakoniecki, , 1986 and fishery biology (Arancibia & Robotham, 1984; Cardoso, et al., 1998; Villegas, 2000) . Details on early life stages were characterized and illustrated by Guerra et al., 2001 . Versión Online ISSN 1727 Rev. peru. biol. 12(1): 369-376 (2005) http://sisbib.unmsm.edu.pe/BVRevistas/biologia/biologiaNEW.htm
The present study provides information on the occurrence of egg strings and describes additional details on the early life history of L. gahi, in order to provide the basis for the beginning culture of this species in Peru.
Material and methods
Egg strings of Loligo gahi were collected in the winter of 1996 by SCUBA divers at depths of 5-10 m off San Lorenzo Island (12º05'S, 77º03' W; Fig. 1 ). A total of 200 egg strings were transported in 10 L plastic containers to the Mariexport Enterprise Laboratory (160 egg strings in August), and Instituto del Mar del Perú Laboratory (40 egg strings in early September). Egg strings that had a thin sandy base were placed at the bottom of the aquarium in order to cover the peduncles. They were maintained in 40 and 90 L aquaria filled with filtered seawater and with moderate aeration, and a daily replacement of one third of water. All eggs were incubated at temperatures ranging from 18-19,2 °C and with a 12 h light/dark photoperiod.
Samples of egg capsules, eggs, and embryos were fixed in 2% formaldehyde neutralized with sodium borate. Fixed samples were measured to the nearest 0,1 mm using calipers. Two capsules were removed daily in order to follow embryonic development. Stages of embryonic development were assigned using the scale described for loliginid squid by Arnold (1965) and Guerra et al. (2001) .
Paralarvae of Loligo gahi were characterized according to size (Hatfield and Rodhouse, 1994) . Recently hatched paralarvae measure <4,5 mm ML and juveniles are those animals >4,5 mm ML. Paralarvae were fixed in 2% formaldehyde neutralized with sodium borate. A total of 100 recently hatched specimens were fixed for morphometric study. This was repeated at 20 and 45 days post hatching. All measurements were to the nearest 0,1 mm with calipers.
Recent hatchlings were placed in 300 L round tanks with continuous aeration and daily exchange of 100% of the water. The paralarvae were separated into two tanks. In one tank, filtered seawater (1 m m-net) was used and the rotifer, Brachionus plicatilis, was provided as daily food (densities of 128 ind./ml). In the second tank, a biological filter of diatomite was used (100 mm-net) and a diet of concentrated zooplankton (2,5 L/day of copepods, mysid and polychaete larvae) was provided. Dead paralarvae were removed daily using a siphon. Data were statistically analyzed and an analysis of variance was used to compare means (Sokal and Rohlf, 1981) .
Results
During the period of observations and collection of egg capsules the temperature of Table 3 for details). http://sisbib.unmsm.edu.pe/BVRevistas/biologia/biologiaNEW.htm (mean 329; SD = 0,2). The egg capsules are anchored to the substrate by a thin mucilaginous peduncle that measured 25-35 mm in length. The egg capsules are soft, gelatinous, and fingerlike in shape. They vary in lengths from 88-169 mm (n= 72). In each capsule the eggs are arranged in a spiral and between 56-114 eggs (mean 85; SD = 12,7; n=16) were present. There was significant difference in capsule width between laid and hatched eggs (two sample t-tests for equal variances: t= 7, p< 0,05). The biometrics of egg capsules as observed both during laying and hatching is indicated in Table 1 .
Eggs and embryos:
The eggs of Loligo gahi are ovoid; their lengths range from 1,7-2,1 mm and widths from 1,1-1,8 mm (n= 100) ( Table 2) . Each embryo is enveloped by a chorion membrane and the perivitelline space measured 1,5 mm in diameter. The embryos inside their capsules are separated by dense layers and are arranged at regular intervals. The thirty stages of the embryonic development were observed in egg capsules studied but only http://sisbib.unmsm.edu.pe/BVRevistas/biologia/biologiaNEW.htm were described in Table 3 the organogenesis stages (Fig. 2) .
Hatchlings: Prior to hatching, the embryos moved constantly within the chorion capsule, (approximately 48-100 times/min) until breaking through the covering membranes. Hatching began 20 d after the freshly spawned eggs were collected and continued over a 10 d time span. The majority of the embryos hatched during the night and especially on days 22 and 26 (Fig. 3) , agreeing with the peaks of greater temperature. The 89% of the embryos hatched at temperatures ranging from 18,5-19,1 ºC.
Paralarvae:
Recently hatched Loligo gahi measured about 2,3 mm ML (Fig. 2, Stage 30) . Over a period of 45 days the paralarvae increased in length up to 18,5 mm ML in (Table  2 ). The majority of the paralarvae were clustered near the water surface, aggregated towards the light, and were observed to swim constantly.
Paralarvae fed with the rotifer Brachionus plicatilis lived up to 20 d, reaching mantle lengths of 3,1 mm (= growth rate of 0,04 mm/ d). In contrast, paralarvae fed on a diet of mixed zooplankton survived for 45 d and attained mantle lengths of 14 mm (= growth rate of 0,31 mm/d). Two peaks in mortality were observed in both treatments. In the first group 97% of the paralarvae died at 5-7 d and 100% were dead by 20 d. In the second group, only 60% of the paralarvae were dead after 5 d and 100% by 45 d.
Discussion
The presence of egg strings of Loligo gahi in shallow, coastal waters off San Lorenzo Island indicates that this is an area of spawning for the species. Loligo gahi typically deposits strings of eggs in cold water (sea surface temperature 15,4 °C). Where known in other loliginids spawning always occurs in protected, http://sisbib.unmsm.edu.pe/BVRevistas/biologia/biologiaNEW.htm inshore waters: Loligo opalescens (Fields, 1965) , L. pealeii (Summers, 1983) , L. vulgaris vulgaris (Worms, 1983) and L. vulgaris reynaudii (Sauer et al., 1992) .
Stages Characteristics
Most loliginids squid studied lay their egg capsules one by one on a sandy bottom, anchoring them in the sand by the stick basal tip of the capsule (L. opalescens, McGowan, 1954; L. plei, Waller and Wicklung, 1968) . The number of egg strings laid by individual females of the loliginid species under consideration appears to be quite variable. Drew (1911) recorded the usual number for a continuous laying period in L. pealeii to range 1 and 6, but one specimen deposited 23 strings. Loligo plei ranges 33 to 63 strings per mass (Roper, 1965) . Loligo gahi female squids probably deposited between 14-16 capsules, each containing about 85 eggs. Guerra et al.(2001) stated that L. gahi females in Chile produce 50-60 eggs/capsule. Egg capsules of L. gahi varied considerably in length between Chilean and Peruvian populations; the differences most likely reflect the size of the female very similar to seems for Hanlon et al. (1989) by L. forbesi.
In Loligo gahi found off the coast of Peru, the length of the eggs ranged from 1,7-2,1 mm. This is very similar to L. pealei (Summers, 1983) , which has the smallest eggs known of all Loligo species. In comparison to other species, the lengths of the hatchlings of L. gahi are relatively larger (1,9-2,8 mm ML). This size is very similar to the hatchlings of L. bleekeri (Hung-Baeg et al., 1992) and L. gahi from Chile as reported by Guerra et al. (2001) .
In order to identify paralarvae species in the family Loliginidae, it is necessary to examine both morphometric characteristics and chromatophore pattern, as were the studies in Lolliguncula brevis, Lolliguncula mercatoris and Loligo vulgaris reynandii (Vecchione, 1982; Vecchione and Lipinski, 1995) . Guerra et al. (2001) , describes the chromatophore arrangement of newly hatched L. gahi.
Loligo gahi is a cephalopod species with which we attempt to achieve a culture under laboratory conditions. Boletzky and Hanlon (1983) provide a review on the rearing and culture of cephalopod mollusks in closed seawater system. Hatchlings of L. gahi (2,6-3,1 mm ML) are of medium size, according to Guerra et al. (2001) . They are smaller than L. forbesi and L. vulgaris and larger than L. plei and L. pealei (Table 4) .
We have obtained two groups of culture for L. gahi, one that survived 20 days and the other one 45 days; and these differences are related to several factors such as water quality (temperature, oxygen concentration, salinity, etc.) and differences in the diet. The best success was obtained in a culture fed with zooplankton and using a biological filter of diatomite. This corroborates the experiences of Hanlon et al. (1979) as to reared hatchlings of L. opalescens with a diet of copepods. The maximum growth rate in our study was double the estimates for L. opalescens (Hurley, 1976) , but slower than recorded for L. plei by La Roe (1971) . Hanlon et al. (1979) mention that L. opalescens showed a clear preference for copepods, and the growth rates obtained with this diet were slightly higher than reported by Hurley (1976) .
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